Catfish farming has confronted with the problem of slow growth to reach the fillet size and less tender of fish fillets. This study aimed to investigate the effect of cinnamon leaf flour and shrimp head flour in formulated diets on growth of catfish Pangasianodon hypopthalamus. Catfish with an initial weight of 207.04 ± 2.70 g/fish reared in 12 cages with a dimension of 2×1×1.5 m 3 (L×W×H) and its fish density was 15 fishes for 60 days. Fish were fed with following experimental diets: (1) Control; (2) cinnamon leaf (1%) (CL); (3) 45% of protein source from shrimp head (SH); (4) CL+SH mix. The fishes fed twice a day with feeding rate 3.5% of fish biomass. The study found that the use of cinnamon leaf and shrimp head increased the specific growth rate 1.67-1.70%/day, the feed efficiency 57.55-57.67%, and protein retention 55.61% compared to its control (P<0.05). Triglyceride level, cholesterol, and blood HDL were 416.00-524.05 mg/dL, 139.65-156.68 mg/dL, 73.18-103.70 mg/dL (P>0.05), respectively. HSI value ranged between 0.3-1.9% compared to its control (P<0.05).
INTRODUCTION
Indonesian catfish production was estimated at 500,000-600,000 tonnes per year, with Pangasianodon hypothalamus as the main cultivated species (FAO, 2015) . Nonetheless, Indonesian Pangasius farming is still lower in both productivity and quality of flesh. In order to meet the needs of the exported catfish fillet, the flesh quality of the fish must be improved. Thus, several attempts have been implemented to improve the growth performance and the flesh quality of catfish.
Cinnamomum burmannii leaves and shrimp head have been included in the feed formulation for improving the growth performance and the flesh quality of catfish. The cinnamon leaf contains bioactive compounds, such as tannins, saponins, flavonoids, and cinnamaldehyde, which can serve as anti-hypercholesterolemia, antioxidants, also act as insulin mimesis that is to increase cellular glucose metabolism (Gruenwald et al., 2010) . Several studies have been conducted to improve the growth performance and the flesh quality of the fish by using cinnamon leaves flour. Setiawati et al. (2014) reported that protein retention from supplementation of cinnamon leaves in the fish diet was 1.5 times higher, while the feed efficiency was twice higher. The body fat of catfish decreased to be 30%, and the flesh texture observed was more compact. Furthermore, the inclusion of 0.1% and 1% cinnamon leaves flour extract in the diet resulted in increases in specific growth rate (SGR; 24-29%/day), feed efficiency (FE; 40-46%), and protein retention (PR; 56-67%) of the culture species (Setiawati et al., 2016) .
Shrimp head has 45.62% of protein, 6.62% of fat, 14.88 of crude fibre, and 10.17% of moisture content (Research Center Laboratory for Biological Resources and Biotechnology, 2016) . Shrimp waste has been identified as the source of chitin (20-30% chitin on a dry basis of dry weight). Chitin in shrimp shells binds to calcium carbonate, proteins, and lipids (Pamungkas, 2007) . Chitosan has the ability to prevent cholesterol absorption, so that an elevated cholesterol level in the blood can be prevented (Muflihunna & Mu'nisa, 2010) .
Several studies have been done on the inclusion of shrimp head meal in the fish feed formulation. Shrimp head meal in the fish diet increased daily growth rate (DGR), feed efficiency (FE), protein efficiency ratio (PER), survival and protein content of the fish (Fall et al., 2012; Diop et al., 2013) . Moreover, Melati et al. (2012) stated that shrimp head meal could be used to replace fishmeal protein up to 45% in the feed formulation for catfish in hatcheries. Cinnamon leaves and shrimp heads have a content that can improve the performance of metabolism and growth of catfish. The utilization of cinnamon leaves and shrimp heads in raw materials feed can decrease feed production cost.
This study aimed to analyze and evaluate the effects of cinnamon leaves meal and shrimp head meal in the formulated diet on the growth performance of catfish during 60 days of feeding trial.
MATERIALS AND METHODS

Preparation of experimental materials
Twelve units of the tank (2×1×1.5 m) with nets were used for the rearing of catfish in this study. The experimental animals used in this study were 180 catfish with an average weight of 207.04 ± 2.70 g/individual. Cinnamon leaves and shrimp head (carapace) were prepared for the fish diet formulation.
Cinnamon leaves were taken from Jambi Province. Cinnamon leaves dried in an oven with a temperature of 40 °C, then it was grounded using a grinding machine, those were then sieved to produce fine cinnamon leaves meal. The results of the proximate analysis and the analysis of phytochemical compounds of cinnamon leaves contained 9.89% of protein, 2.44% of fat, 38.94% of crude fibre, 4.43% of ash, 44.29% of NFE (nitrogen-free extract), 1.80% of flavonoids, 2.74% of tannins, 2.32% of saponins, and cinnamaldehyde content in cinnamon leaves meal was 59.46%. Shrimp's wastes (heads or carapaces) were obtained from shrimp waste processing. Shrimp's waste cleaned and dried in an oven at 40 °C. That shrimp's wastes were grounded to produce refined meal. The results of the proximate analysis of shrimp's waste showed that the shrimp's waste contained 50.13% of protein, 7.00% of fat, 16.33% of crude fibre, 20.71% of ash, and 5.82% of NFE.
Feed formulation of experimental diets
The experimental diets used in this study was illustrated in Table 1 . Cinnamon leaves meal (1%) was incorporated into the experimental diets (Setiawati et al., 2014; Setiawati et al., 2016) , and the protein of fishmeal was replaced by 45% shrimp head meal (Melati et al., 2012) .
This study used four diets as treatments with three replications of each included control (without the cinnamon leaves and shrimp heads in the diet), CL (cinnamon leaves supplemented diet), SH (shrimp head supplemented diet), and CL+SH (cinnamon leaves and shrimp heads supplemented diet).
Raw materials for feed formulation was grounded and mixed by using a mixer in a proportion as mentioned in Table 1 . The mixture was made to be a dough, and it was molded into pellets with a size of 3 mm by using pellet machine. The feed was dried using an oven at 40 °C for 24 hours.
Pisciculture
The acclimation period of the fish was conducted for a week. During the acclimation period, the fish fed with the control diet twice a day. The fish satiated for 24 hours before the experiment started. The fish samples were taken to determine the initial weight, the proximate analysis of the fish body, flesh, liver, and hepatosomatic index. The fishes were reared in nets with a stocking density of 15 individuals/ net. The fish were fed twice a day (09:00 am and 05:00 pm) with feeding rate of 3.5% of the average biomass in each net for 60 days.
Experimental procedure
Fish was randomly weighed for each treatment to obtain the weight of the fish, blood sampling, and the proximate analysis of the fish body and liver. Blood was taken from three fishes of each replication in vena caudal by using an anticoagulant syringe (3.8% sodium citrate). The blood was transferred into a microtube, then centrifuged at 10,000 rpm for 5 minutes. Plasma blood supernatant was taken to transfer into a new microtube and stored in a freezer at -20 °C which would be used for the analysis of cholesterol, triglycerides, and HDL.
Experimental parameters
Experimental parameters were feed intake (FI), specific growth rate (SGR) (Guo et al., 2012) , feed efficiency (FE) (Watanabe, 1988) , protein retention (PR) (Watanabe, 1988) , fat retention (FR) (Watanabe, 1988) , and survival. Testing of liver included: water content, fat, glycogen, and hepatosomatic index. Blood biochemical parameters included: cholesterol, triglycerides, and HDL (high-density lipoprotein). Cholesterol and triglycerides were measured by the enzymatic colorimetric method (CHOD-PAP/cholesterol oxidase phenol amino antipyrine). Cholesterol The mixed of fish oil and soybean oil at a ratio of 1:1, CL = cinnamon leaves, SH = shrimp head meal, NFE = nitrogen-free extract, GE = gross energy (protein 5.6 kcal/g, fat 9.4 kcal/g; carbohydrate 4.1 kcal/g (Watanabe, 1988) , C/P = ratio of energy protein feed.
ester was hydrolyzed to release cholesterol and subsequently oxidized. The colorimetric indicator was quinone imine that produced from 4-amino antipyrine and phenol by hydrogen peroxide by catalyst peroxidase.
Data analysis
Statistical analysis was performed using Microsoft Office Excel 2010 and SPSS 22. Significant differences among treatments were determined through ANOVA and were further tested through Duncan's test at p=0.05. All data were analyzed statistically, except cholesterol, triglycerides, and HDL data that were analyzed descriptively.
RESULTS AND DISCUSSIONS
Results
The growth performance of catfish in this study included initial weight (IW), final weight (FW), feed intake (FI), specific growth rate (SGR), feed efficiency (FE), protein retention (PR), lipid retention (LR), and survival rate showed in Table 2 . The weight of fish increased after 60 days of the feeding trial. However, there were no significant differences (P>0.05) in feed intake. SGR, FE, and PR of catfish, fed CL and CL+SH were significantly different (P<0.05) to the control. The lipid retention value of SH was not significantly different (P>0.05) from CL and CL+SH. Nonetheless, it was significantly different (P<0.05) from the control.
The results of the chemical analysis of catfish liver illustrated in Table 3 . The water content in the CLSH treatment was significantly different (P<0.05) from the control. In the other hand, the content of fat and glycogen of liver was not significantly different (P>0.05) from control. Hepatosomatic index value in SH was significantly different (P<0.05) from the control. The results of the catfish blood biochemical test (Table 4 ) showed that triglyceride values ranged from 416.00-524.05 mg/dL, cholesterol was 139.65-156.68 mg/dL, and blood HDL was 73.18-103.70 mg/dL.
Discussion
During the 60-day-feeding-trial, the feed intake (FI) of catfish for both treatments and Table 2 . Initial weight (IW), final weight (FW), feed intake (FI), specific growth rate (SGR), feed efficiency (FE), protein retention (PR), fat retention (FR), and survival of catfish during the 60-day-feeding-trial. Takasao et al. (2012) , cinnamaldehyde was able to activate the insulin-like growth factor (IGF-1), enhanced the biosynthesis of protein and collagen in the tissues of the body, thereby increasing the deposition of proteins in the body to build muscle. These results were in line with Setiawati et al. (2014) that the inclusion of 1% cinnamon leaves meal in the diet of catfish larvae increased 1.5% of the protein retention. Polyphenol in cinnamon is considered to have similar activity to insulin (insulin mimesis). Polyphenol in cinnamon have similar activity to insulin called MHCP (methyl hydroxy chalcone polymers) that can increase insulin activity (Anderson et al., 2006) . Insulin holds a crucial role in the metabolism of protein and fat. Similarly, protein retention value of the fish fed CL+SH diets increased due to the addition of polyphenol, that found in chitin (shrimp heads). Chitin is identified to increase protein metabolism. Thus, more proteins can be retentive. Fall et al. (2012) stated that the use of shrimp head meal as a replacement for fish meal in tilapia feed within 60 days increased the protein content of the tilapia body. Similarly, Melati et al. (2012) reported that the fish fed 45% shrimp heads protein resulted in increased protein retention. The HSI (hepatosomatic index) results showed that CL was significantly different from SH. However, the CL+SH treatment was not significantly different from CL and SH treatments. It indicated that the active compounds in cinnamon leaves and shrimp head meal have a similar effect on the metabolism process in the liver. The energy reserved of catfish is generated from glycogen metabolism in liver and fat. Glycogen serves as a short term store, which is used quickly if sugar is available in blood or place others have been exhausted for energy needs . Furthermore, the amount of glycogen and fat increased the weight of catfish liver. Genten et al. (2009) stated that the liver has a very important role in protein synthesis, nutrient assimilation, the maintenance of body metabolism including the processing of carbohydrates, proteins, fats, and vitamins.
In this study, a higher fat retention was obtained in the fish fed CL diet than those of CL+SH. Nonetheless, both SH diet and CL+SH diet were not significantly different. The results suggested that the shrimp head meal (CL+SH) could decrease 10.2 % of fat retention in the fish body. When the shrimp head meal and cinnamon leaves were mixed in the same diet, fat retention decreased because of chitin, it considered as the main constituent substance in shrimp head meal and had high fibre contents. The largest source of fibre in control derived from bran, but it was not effective in binding fat in this study compared to cinnamon leaves and shrimp heads. As a result, the fat absorption into the body through the incoming feed was low. Nevertheless, when the fish fed SH diet, the catfish was more effective in utilizing the fat as energy source. In the other hand, when fish fed with CL diet, the catfish used carbohydrate as a source of energy for its activity as indicated by a higher value of fat retention.
However, the active compounds in the cinnamon leaves, such as cinnamaldehyde and polyphenol improved the metabolism due to the decreasing of the cholesterol level and increase HDL level at 139.65 and 98.09 mg/dL, respectively. This was in line with Setiawati et al. (2016) , the cinnamon treatments could attenuate cholesterol level and increase levels of HDL. Nonetheless, the cinnamon leaves extract in the fish feed could reduce the levels of cholesterol, triglycerides, and could increase HDL level than Mannan et al. (2014) reported that the content cinnamaldehyde has similar effects on insulin activity that can lower triglyceride levels. Sangal (2011) reported that MHCP (methyl hydroxy chalcone polymers) has several effects on others in stimulating autophosphorylation of the insulin receptor, increasing glucose uptake, glycogen synthesis, and increasing the activity of glycogen synthase in adipocytes cells, and reduce the activity of glycogen synthase kinase-3β.
Active compounds, such as tannins, saponins, flavonoids, and cinnamaldehyde found in the cinnamon leaves (Shen et al., 2010) . The cinnamon has been identified to increase the fat metabolism for the source of energy and the maintenance of the fish body. The amount of protein in the fish body is mainly used to construct new muscle tissue. The relationship between fat, protein, and carbohydrate are called protein sparing effect (NRC, 2011) . In line with protein retention, specific growth rate (SGR) of the fish fed with CL was significantly different from control. However, it was not different from the fish fed with CL + SH diet. This was in line with Ahmad et al. (2011) , the diet supplemented with 1% of cinnamon leaves meal increased SGR at a value of 12% when compared to controls. Feeding using cinnamon leaves increased feed efficiency at a value 10% compared to control. It indicated that the feed taken by the fish positively support the growth performance of the fish. Similarly, Setiawati et al. (2016) noted that the inclusion of 1% cinnamon leaves meal in the diet improved feed efficiency (43.85%) compared to control (29.95%). In addition, Rolin et al. (2015) stated that the highest feed efficiency (81.7%) was found in feed containing 1% cinnamon leaves extract and the efficiency decreased with the increasing of doses.
CONCLUSION
The inclusion of cinnamon leaves and shrimp heads in the fish diet increased 5.8% of growth, 10% of feed efficiency, 20.7% of protein retention, and decreased 10.2% of the fat retention compared to control.
